Context. The triple stellar system δ Vel system presents a significant infrared excess, whose origin is still being debated. A large infrared bow shock has been discovered using Spitzer/MIPS observations. Although it appears as a significant contributor to the measured IR excess, the possibility exists that a circumstellar IR excess is present around the stars of the system. Aims. The objective of the present VISIR and NACO observations is to identify whether one of the stars of the δ Vel system presents a circumstellar photometric excess in the thermal IR domain and to quantify it. Methods. We observed δ Vel using the imaging modes of the ESO/VLT instruments VISIR (in BURST mode) and NACO to resolve the A-B system (0.6 ′′ separation) and obtain the photometry of each star. We also obtained one NACO photometry epoch precisely at the primary (annular) eclipse of δ Vel Aa by Ab. Results. Our photometric measurements with NACO (2.17 µm), complemented by the existing visible photometry allowed us to reconstruct the spectral energy distribution of the three stars. We then compared the VISIR photometry (8.6-12.8 µm) to the expected photospheric emission from the three stars at the corresponding wavelengths. Conclusions. We can exclude the presence of a circumstellar thermal infrared excess around δ Vel A or B down to a few percent level. This supports the conclusions of Gáspár et al. (2008) that the IR excess of δ Vel has an interstellar origin, although a cold circumstellar disk could still be present. In addition, we derive the spectral types of the three stars Aa, Ab, and B (respectively A2IV, A4V and F8V), and we estimate the age of the system around 400-500 Myr.
Introduction
The southern star δ Vel (HD 74956, HIP 41913, GJ 321.3, GJ 9278 ) is the 43 rd brightest star in the visible sky, with m V = 1.96, and is located at a distance of 24.4 pc (π = 40.90 ± 0.38 mas; ESA 1997). Amazingly, δ Vel was discovered only very recently by Otero et al. (2000) to host the brightest eclipsing binary system in the southern sky, one of the very few observable with the unaided eye. Its orbital period of 45 days is exceptionally long in terms of probability of occurrence, especially for such a nearby star. A historical note on the discovery and recent developments in the study of δ Vel can be found in Argyle, Alzner & Horch (2002) , together with the orbital parameters of the A-B system (orbital period of ≈ 142 years). In the following, we refer to the eclipsing pair as δ Vel A, and to the fainter, visual component as δ Vel B. The two eclipsing components of A are referred to as Aa and Ab, by order of decreasing brightness. Kellerer et al. (2007) excluded the physical association of the angularly nearby pair of stars sometimes labeled δ Vel C and D with the δ Vel A-B system. An infrared (IR) excess associated with the δ Vel A-B system had been detected by IRAS (1986) . This indicated that δ Vel could belong to the "Vega-like" class of objects, i.e. a main sequence star surrounded by a optically thin debris disk. However, Gáspár et al. (2008) recently discovered a spectacular infrared (IR) bow shock around δ Vel at 24 and 70 µm using Spitzer/MIPS images. This very large structure (≈ 1 ′ ) is explained by these authors as the result of the heating and compression of the interstellar medium by the photons from δ Vel, as the trio moves through the interstellar medium (ISM) . From a detailed modeling of the star-ISM interaction, Gáspár et al. conclude that the bow shock contribution is sufficient to explain the observed IR excess of δ Vel without resorting to a circumstellar debris disk. They also note that accretion of interstellar material (λ Bootis phenomenon) could nevertheless take place on δ Vel, although at a slow rate.
In this article, we present the results of our search for circumstellar IR excess in the inner δ Vel A-B system. Sect. 2 is dedicated to the description of our high angular resolution VISIR and NACO observations, whose analysis is presented in Sect. 3. In Sect. 4, we compute the magnitudes of each of the three stars of the system, that are used to derive their physical parameters. We present in Sect. 5 our estimates of the thermal IR excesses of δ Vel Aab and B and a short analysis of the evolutionary state of the system. 2 P. Kervella et al.: The eclipsing stellar system δ Velorum -I. VISIR and NACO imaging
Observations and data reduction

VISIR
For the thermal-IR part of our program, we used the VISIR instrument (Lagage et al. 2004 ), installed at the Cassegrain focus of the Melipal telescope (UT3) of the ESO/Very Large Telescope (Paranal, Chile). VISIR is a mid-IR imager, that also provides a slit spectrometer. VISIR can in principle reach a very high spatial resolving power, thanks to the 8 m diameter of the telescope. However, under standard conditions at Paranal (median seeing of 0.8 ′′ at 0.5 µm), the 8 m telescope is not diffraction limited in the MIR (seeing ≈ 0.4 ′′ vs. 0.3 ′′ diffraction). A few moving speckles and tip-tilt usually degrade the quality of the image (see e.g. Tokovinin, Sarazin & Smette 2007) . To overcome this limitation, a specific mode of the instrument, the BURST mode (Doucet et al. 2007a (Doucet et al. , 2007b , give the possibility to record separately a large number (several tens of thousand) very short exposures (∆t 50 ms), in order to freeze the turbulence. The data processing procedure we developed to reduce the resulting data cubes is described in Kervella & Domiciano de Souza (2007) . During the processing, the frames were precisely co-aligned on the position of δ Vel A.
We observed δ Vel and its three calibrators, HD 82668, HD 67582 and HD 80007 in visitor mode at Paranal during the night of 23-24 April 2008. At that time δ Vel was out of ecplipse. The sequence of the observations is presented in Table 1 . We adopted standard chopping and nodding offsets of 8 ′′ , with respective periods of 4 and 90 s. The calibrators were selected from the Cohen et al. (1999) catalog of spectrophotometric standards for IR wavelengths, except HD 80007 (for the NeII filter). For each observation of δ Vel and its calibrators, we selected during the data processing ≈ 40% of the total number of frames, rejecting those with the lowest Strehl ratio (estimated from the peak intensity in the frame). For instance, the first two observations #A and B of δ Vel (20 000 selected frames) correspond to a total of 50 000 frames before selection. The number of frames listed in Table 1 corresponds to the result of this selection. The cubes were then averaged to obtain diffraction-limited images in our three filters: PAH1, PAH2, and NeII. that have respective central wavelengths of λ = 8.59, 11.25 and 12.81 µm. The resulting images of δ Vel and the calibrators are presented in Fig. 1 . The observation #C of HD 82668 was affected by saturation of the array, and was not used for our anaysis.
NACO
We observed δ Vel at ten epochs in April-May 2008 using the Nasmyth Adaptive Optics System (NAOS, Rousset et al. 2003) of the Very Large Telescope (VLT), coupled to the CONICA infrared camera (Lenzen et al. 1998) , abbreviated as NACO. These observations were obtained to provide high-precision differential astrometry of the eclipsing system δ Vel A relative to B, and we will analyze them along this line in a forthcoming article.
We selected the smallest available pixel scale of 13.26 ± 0.03 mas/pix (Masciadri et al. 2003) , giving a field of view of 13.6 ′′ ×13.6 ′′ . Due to the brightness of δ Vel, we employed a narrow-band filter at a wavelength of 2.166 ± 0.023 µm (hereafter abbreviated as 2.17) together with a neutral density filter (labeled "ND2 short"), with a transmission of about 1.5%. Table 2 gives the list of the observations. Each of our ten epochs consisted in approximately 50 short exposures grouped over less than 10 minutes, with a detector integration time (DIT) of 0.8 s each to avoid saturation. Four such short exposures were With E the number of elapsed orbits. To retrieve the phases listed in Table 2 , we converted the modified Julian dates of our observations into heliocentric Julian dates using the tools by Dan Bruton 2 . The raw images were processed using the Yorick 3 and IRAF 4 software packages in a standard way. A sample image of δ Vel is presented in Fig. 2 .
Image analysis
VISIR
We obtained photometry of δ Vel A in the PAH1 and PAH2 bands using a circular aperture of 0.3 ′′ in radius, centered on the star position (Fig. 3, left) . This small radius is intended to avoid the contamination of the photometry of A by component B. For δ Vel B, we first subtracted a scaled version of the calibrator star at the position of A from the image before measuring the flux through aperture photometry (Fig. 3, right) . We thus removed the contribution from the diffraction pattern (Airy rings) of δ Vel A at the location of B. This process left almost no residual thanks to the stability of the PSF. We checked that the VISIR images of δ Vel and its calibrators present no detectable diffuse background. This verification was achieved by measuring the average flux at distances larger than 1
′′ from the central stars, to avoid the inclusion of the highorder Airy rings. Based on this result, we did not apply a sky subtraction to our observations, and as we used the same apertures for the photometry of δ Vel and the flux calibrators, no aperture correction was required either. This non-detection of the diffuse background was expected for two reasons: firstly due to the chopping-nodding observing procedure that removes most of the large scale galactic IR background, and secondly because the sensitivity of our images is insufficient to detect the spatially extended flux from the bow shock in the VISIR bands. The total flux from the model proposed by Gáspár et al. (2008) is at most 3-4 mJy in this wavelength range (Sect. 5), spread over a surface of several arcmin 2 , far beyond our sensitivity limit. The integrated fluxes are affected by different atmospheric absorption due to the different airmasses compared to the calibrators. To take this into account, we used the empirical formula by Schütz & Sterzik (2005) , that gives the multiplicative correction C(λ, AM) to apply to the raw flux to remove the atmospheric absorption:
We corrected separately the different observations of δ Vel and its calibrators. In order to absolutely calibrate the measurements, the PAH1 and PAH2 fluxes from the calibrator HD 67582 were retrieved from the spectral template of Cohen et al. (1999) at the central wavelength of our filters. For HD 80007 (HIP 45238), we adjusted a model spectrum from Castelli & Kurucz (2003) to all the photometry available in the literature to retrieve its irradiance in the NeII filter. We obtained 5. of the measurements were estimated from the dispersion of the different available exposures (e.g. #ABEF for the PAH1 filter). The uncertainty on the NeII measurement, for which only one image is available, was taken as the dispersion of the calibrated flux for apertures of 150, 300, 600 and 1200 mas. The resulting irradiances are presented in Table 3 . The ratios ρ = f (B)/ f (A) of the fluxes of δ Vel B and δ Vel A in each band can be estimated more accurately than the absolute flux of each star due to the removal of the calibration uncertainty. We obtain the following values in the three filters:
NACO
We first obtained classical aperture photometry of δ Vel A using circular apertures of 1 to 40 pixels in radius (single pixel to 0.53 ′′ radius), for each of our ten epochs. Although the two components of δ Vel are well separated in the NACO images, the diffuse halo from the residuals of the adaptive optics correction of δ Vel A are not negligible at the position of B. For this reason, the photometry of B cannot be measured directly on the images. To remove the diffuse wings of the point spread function (PSF) of A, we subtracted from each point of the image its ring median at the corresponding radius from δ Vel A. With this procedure, we cleanly subtracted the diffuse background from A, mostly without introducing additional noise. Very little residuals from star A are present on the subtracted image, thanks to the good circularity of the PSF (Fig. 4) . We then measured aperture photometry using the same 1-40 pixels apertures as for A, centered on B, and computed the flux ratio ρ = f (B)/ f (A) of the pair. We do not need to correct for the airmass, as both A and B are affected by the same atmospheric absorption. We checked in the images that the sky background is negligible due to the short exposures and narrow-band filter.
The choice of the aperture radius is an important factor for the accuracy of the flux ratio measurement. In order to obtain the best match between the two stars, it is essential to have the same integration radius for both stars. Over the 0.6 ′′ distance between the two stars, the variation of the PSF shape and Strehl ratio is negligible, especially for the good seeing conditions of our observations. Fig. 5 shows the variation of the derived flux ratio as a function of the aperture radius. There is a clear inflexion point around 15 pixels in radius (0.2 ′′ ). This corresponds to the radius at which the wings of the PSF of B reach the noise level. The increase of ρ observed for larger apertures corresponds to the inclusion of the residuals from A in the photometry. To estimate the error bar of the flux ratio, we added quadratically the uncertainties due to the choice of aperture radius over a 10-15 pixel range (considered as systematic, thus not averaging out), and the dispersion of the measurements over the first nine epochs (statistical). The flux ratio is assumed to be constant outside of the eclipses, in order to average the nine measurements (but see also Sect. 4.4). For the epoch of the eclipse, we considered as uncertainty the standard deviation of the ratios obtained at the other epochs.
From this procedure, we obtain outside of the eclipse: ρ 2.17 µm = 9.66 ± 0.05% (7) corresponding to a magnitude difference of ∆m = 2.537 ± 0.005. During the primary eclipse of δ Vel A, the flux ratio becomes:
giving ∆m(Eclipse) = 2.097 ± 0.009. The eclipse depth at 2.17 µm is therefore d(∆m) = 0.440 ± 0.011 mag. As a remark, we did not deconvolve our NACO images, as we did not obtain a PSF calibrator for this purpose, and we leave the astrometric analysis of these images for a future article.
Photometric analysis
Visible magnitudes
If not specified otherwise, we assume here that the photometric measurements of the δ Vel system available in the literature always include the A and B components, as their angular separation has been smaller than 2 ′′ for at least five decades. Bessell (1990) gives: 
Considering Bessel's data, this translates immediately into the following magnitude for Aab and B:
In addition, the combined visible photometry available in the literature (see the compilation by Otero et al. 2000) gives us the combined Aab+B magnitudes, the depth of the primary (I) and secondary (II) eclipses:
By removing the flux contribution of B computed precedently, we obtain the following eclipse depths for Aab only:
As shown by the curve presented by Otero et al. (2000) , the secondary eclipse of δ Vel Aab is total, and we can thus derive immediately the visible magnitudes of Aa and Ab:
Infrared magnitudes
In addition, our NACO observations (Sect. 3.2) give us the relative fluxes of Aab and B in the narrow band filter band at 2.17 µm with a FWHM of 0.023 µm: ρ 2.17 µm = 9.66 ± 0.05%. As this wavelength corresponds to an absorption line of hydrogen that is present in the spectra of hot stars, the conversion of the measured narrow-band ratios to standard K band ratios requires taking the position of the quasi-monochromatic wavelengths within the bands and the shape of the observed spectra into account. We thus proceeded in two steps to obtain the conversion between the narrow-band flux ratio and the broadband flux ratio. Starting from the narrow-band fluxes measured on δ Vel's components, we computed the radius and effective temperature of each star assuming (as a first approximation) that the K flux ratios are identical to the 2.17 µm ratios, using the method descussed in Sect. 4.5. This gave us a first estimation of the spectral types of the stars. We then used the Pickles (1998) 6 reference spectra corresponding to their spectral types (A2IV, A4V and F8V) to recover the corresponding broadband flux ratio. The K band standard filter profile was taken from Bessell & Brett (1988) . We observed that the true ratios in the K band are very close to the ratios in the 2.17 µm filter, within 0.01 mag for all three stars, which is small compared to the other uncertainties. We thus neglect this difference in the following analysis.
The COBE/DIRBE instrument measured F K = 121.7 ± 11.4 Jy at 2.2 µm (Smith et al. 2004 ), corresponding to m K = 1.77 ± 0.10, and the 2MASS catalog (Skrutskie et al. 2006) gives an apparent K band magnitude of m K = 1.72 ± 0.26 for Aab+B, equivalent to F K = 127 ± 34 Jy. Averaging these two measurements, we obtain m K = 1.76 ± 0.10 and consequently:
Photometry during the primary eclipse
The primary eclipse of Aab in the K band observed with NACO can give us the difference in surface brightness of Ab and Aa. As this eclipse is not total, but annular, we cannot derive unambiguously the brightness ratio of the two stars as it depends on their angular diameters. In this paragraph, we consider that the eclipse is perfectly centered, thus neglecting a possible differential effect of the limb darkening (LD) of the two stars. As we observed very close to the eclipse minimum and in the K band, where the LD is small (the LD/UD correction is less than 3%), this appears as a reasonable assumption. We also neglect the possible distortion of the photospheres of Aa and Ab due to a possible fast rotation. During the primary eclipse, the disk of Ab "replaces" part of the disk of Aa with a lower effective temperature (hence lower surface brightness) "patch". The eclipse depth in the K band is 0.44 ± 0.01 mag (Sect. 3.2). This can be compared with the depth of the primary eclipse in the visible: ∆m V = 0.53 ± 0.01. The "color" of the primary eclipse is therefore ∆m V − ∆m K = 0.09±0.02 mag. This corresponds to the "differential difference" in color between the two stars between the visible and IR wavelengths. This leads to a magnitude difference of:
corresponding to a flux ratio f (Ab)/ f (Aa) = 39.2 ± 1.4 % and:
Emergence of Ab from the secondary eclipse
It is interesting to notice that our 2008-04-23 NACO observation has been obtained only about 30 minutes after the end of the secondary (total) eclipse during which the δ Vel Aa component covered Ab. The apparent disks of the two stars are therefore "touching" each other. Our measurement shows a slight variation of the photometric ratio ρ = f (B)/ f (A), as we measure 9.90 ± 0.12%, compared to an average value over the eight other out-of-eclipse epochs of 9.63±0.05%. This means that the masking of part of the close environment of δ Vel Ab by Aa results in a slight loss of total flux of the Aab system. Although of marginal statistical significance (2.1 σ), this measurement is the maximum value of the out-of-eclipse ratios we obtained. It could be due to the presence of a circumstellar flux contributor of unknown nature in the immediate vicinity of δ Vel Ab, accounting for 0.27 ± 0.13% of the total flux of Aab. If Ab is a fast rotator, and its rotation axis is perpendicular to the orbital plane, one hypothesis could be that it is the signature of a circumstellar disk made of gas (Ae episode).
Angular diameters, radii and effective temperatures
From our spatially resolved photometry of the three stars of δ Vel (Aa, Ab and B), we can deduce their limb-darkened angular diameters θ LD , photospheric radii R and effective temperatures T eff using the surface brightness-color (SBC) relations calibrated by Kervella et al. (2004) in (V, V − K) and the Hipparcos parallax. The results are summarized in Table 4 . This approach allows us to rely only on empirical SBC relations (calibrated by interferometric angular diameter measurements) to compute the parameters of the three stars. Another approach to determine these parameters would be to adjust directly synthetic spectra to the photometry. While the comparison with such model spectra is necessary to determine the IR excess (Sect. 5), it has at this stage the disadvantage of making the derived parameters dependent on the choice of one particular numerical model library. For this reason, we prefer to use the empirical SBC relations. In any case, the good agreement between the model spectra and the measured photometry in the visible and near-IR domains shown in the bottom parts of Fig. 7 and 8 indicates that both methods give consistent results.
The parameters of δ Vel are in good agreement with the values deduced for the combined system A+B from spectroscopy by Allende Prieto & Lambert (1999) : T eff = 8700 K, R = 3.9 R ⊙ . The larger radius is naturally explained by the combination of the flux from Aa and Ab (and to a lesser extent of B), while the effective temperature is a weighted average of the values of the three stars. They also find an effective gravity of log g = 3.66 and a mass of M = 2.51 M ⊙ . The reliability of these values is uncertain due to the effect of the orbital motion of Aab on the spectral line broadening. However, we do not confirm the large radii derived by Kellerer et al. (2007) for Aa and Ab (6.0 and 3.3 R ⊙ ) from interferometric observations of the trio.
Discussion
The IR excess detected around δ Vel by IRAS was recently attributed by Gáspár et al. (2008) to interstellar dust heated by δ Vel. In this Section, we examine the possibility that one of the components of δ Vel A or B presents an IR excess of circumstellar origin. For this purpose, we compare the fluxes extracted from our spatially resolved VISIR observations to the expected photospheric flux from the Aab and B components.
To retrieve the synthetic stellar spectra of the three stars from the library assembled by Castelli & Kurucz (2003) , hereafter CK03, we used the parameters listed in Table 4 . We read the tables for log g values of 4.0 for δ Vel Aa and Ab, and 4.5 for B, and solar metallicities. The sensitivity of the models to small variations of these two parameters is minimal. We would like to emphasize that we did not fit these spectra to the available photometry, but we simply multiplied the CK03 spectra by the Table 4 (top) and the residuals compared the observations (bottom). squared limb-darkened angular diameter of each star (Table 4) . From these spectra, we derived the expected thermal IR flux from the stellar photospheres of Aa+Ab and B in the PAH1, PAH2 and NeII filters corresponding to our VISIR observations. We can also add the CK03 spectra of the three stars in order to compare the predicted flux of the trio to the existing non spatially resolved measurements of A+B from the literature. The resulting spectrum is shown in Fig. 8 . The photometric measurements are taken from Thompson et al. (1978;  UV fluxes from TD1), Morel et al. (1978; U BVRI) Table 4 . Properties of δ Vel Aa, Ab and B derived from their V and K band magnitudes using the surface brightness-color relations from Kervella et al. (2004) . The bolometric corrections for the V band were taken from Bessell et al. (1998) . The approximate masses of the three stars are discussed in Sect. 5.
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1,E-07 Gáspár et al. (2008) . The bottom plot shows the relative photometry with respect to the combined photospheric model of the three stars. bands), Gáspár et al. (2008; Spitzer/MIPS 24 and 70 µm), and IPAC (1986; IRAS 12, 25 and 60 µm) . The additional flux from the bow shock model proposed by Gáspár et al. (2008) is shown on both panels of Fig. 8 as a dashed curve. Its contribution in the range of wavelengths sampled by our VISIR observations appears negligible (≈ 0.1% of the photospheric flux).
As shown in Fig. 7 , Fig. 8 and Table 5 , the comparison with our VISIR spatially resolved photometry of δ Vel A and B does not show a significant circumstellar IR excess in the VISIR bands compared to the expected photospheric flux of each of the two components, at a few percent level. The excess that is visible longwards of 10 µm in Fig. 8 comes from the flux contribution of the ISM bow shock at large angular distances that has been observed by Gáspár et al. (2008) . We note that the IRAS and Jayawardhana et al. (2001) photometry shows an excess compared to their model between 12 and 25 µm. This may be a consequence of the fact that the flux contribution from the ISM is (at least partly) included in the large aperture measurements (IRAS in particular), but not in our narrow aperture photometry. We notice a relatively large ultraviolet excess on δ Vel in Fig. 8 . A fast rotating star usually presents a UV excess due to its overheated polar caps (von Zeipel effect, see e.g. Aufdenberg et al. 2006) . A discussion on the rotational velocity of the components of δ Vel A can be found in Argyle, Alzner & Horch (2002) . As a remark, Royer, Zorec & Gomez (2007) found a rotational velocity of v sin i = 150 km/s, but this was computed for the combined spectrum of the three stars of δ Vel so a bias may be present.
The physical parameters derived for the three stars (Table 4 ) indicate that δ Vel Aa already evolved away from the main sequence. This is confirmed by the evolutionary tracks from Girardi et al. (2000) , shown in Fig. 9 , that give approximate masses of 2.5, 2.0 and 1.3 M ⊙ respectively for Aa, Ab and B, and an age of approximately 400 −500 Myrs for the system. This age compares well with the age of 330-390 Myr proposed by Rieke et al. (2005) , while the masses are in relatively good agreement with Argyle, Alzner & Horch (2002) , who determined a total dynamical mass of the δ Vel AB system of 5.7 +1.3 −1.1 M ⊙ . We postpone a more detailed discussion of the ages and evolutionary status of the δ Vel stars to a forthcoming paper.
Conclusion
Our VISIR photometry of δ Vel A and B does not show the presence of an excess of circumstellar origin in the thermal IR domain (8−13 µm) at a level of a few percents. This result indicates that these stars do not host a warm debris disk with a typical temperature around 200-300 K. This supports the conclusions of Gáspár et al. (2008) who attribute the IR excess detected with Spitzer to the surrounding interstellar medium material. The ab-8 P. Kervella et al.: The eclipsing stellar system δ Velorum -I. VISIR and NACO imaging sence of a warm circumstellar disk in the inner δ Vel system may be a consequence of the gravitational interactions between the three stars. They could have caused the dispersion of the residual circumstellar material from which they stars formed. However, the possibility still exists that a cold debris disk is present, as in the case of Vega and Fomalhaut (Stapelfeldt et al. 2004 ), but at large distances from the stars. In order to test this scenario, observations of δ Vel in the far IR or submillimetric domain similar for instance to those of Fomalhaut by Holland et al. (2003) would be necessary.
From the flux ratios in the V and K bands, we could derive the physical properties of the three stars Aa, Ab and B. δ Vel appears as a moderately evolved system, with the Aa component currently leaving the main sequence. As suggested by the v sin i value of Royer et al. (2007) , the ultraviolet excess of δ Vel and our putative observation of near-IR circumstellar emission close to Ab may indicate that δ Vel Ab (and/or Aa) could be a fast rotator, turning this eclipsing system into a promising object to map the polar brightening associated to the von Zeipel effect (von Zeipel 1924) .
